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Radiative heat transfer between nanoparticles: shape dependence and
three-body effect
Omid Ramezan Choubdar, Moladad Nikbakht1, a)
Department of Physics, University of Zanjan, Zanjan 45371-38791, Iran
We study the effect of particles shape on the radiative heat transfer in a three-body system. It is found that
the radiative heat flux between two nanoparticles in a three body system can be tuned by the shape of the
third particle. In particular, we show that the heat flux is very sensitive to the particle shapes and slight
mismatches of shapes results in either enhanced or suppressed heat flux.
PACS numbers: 44.40.+a,44.05.+e,77.22.ej
I. INTRODUCTION
The ability to control the radiative heat flux at the
nanoscale is the cornerstone for a wide range of appli-
cations, including energy conversion, data storage and
thermal sensing1–5. It is well-known that the radiative
transfer between objects depends drastically on their sep-
aration distance. Bringing two objects at small distances
changes the radiative heat transfer compared to the clas-
sical radiative transfer in the far-field6–11. It is shown
both theoretically and experimentally that the radia-
tive heat flux spectrum between two object (as emitter
and/or absorber), depends on their separation distance
and the dielectric constant of the host material12–16. Sev-
eral techniques are developed to the fabrication of nanos-
tructures and synthesis of nanoparticles with varied size,
shape, and composition17–19. It has become increasingly
evident that the collective response of nanoparticles, in
colloidal suspensions or those deposited on a substrate,
exhibits prominent differences in comparison with their
isolated response20–23. An understanding of the thermal
properties of groups of nanoparticles holds both funda-
mental and practical significance. Fundamentally, it is
important to systematically explore nanostructure char-
acteristics that cause radiative property variation. Prac-
tically, the tunable radiative properties of nanostructures
can be developed into many new application in ther-
mal management24,25, thermal optical data storage26 and
nanofluidics27–29. Apart from separation distances, the
dominant frequencies in the radiative heat transfer de-
pend strongly on the optical response of nanoparticles.
It is shown by several authors that the heat flux can
drastically be influenced in cases when a mismatch exists
between the dielectric function of objects30,31. This ef-
fect, beside the temperature dependence of objects prop-
erties, is widely used in designing thermal memories32,33
and thermal diodes34–40.
During the past few years significant attention has
been paid to manipulate the heat in two-body systems.
Increasing the number of objects in a system influences
the radiative property due to many-body effects. Each
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particle in a many-body system, acts as a scatterer of
the radiative energy. As a result, the particles shapes
and dielectric functions are main issues, together with
their geometric arrangement in the system41–47.
The majority of recent studies in heat flux between
nanoparticles in three-body systems have focused on heat
flux modification by relative position, sizes and orienta-
tion of particles. In this paper, we focus on a differ-
ent subset of such systems, in which mismatch exists
between shape of particles. We show that a small mis-
match of shapes has a giant effect on the radiative heat
transfer in a three-body system. A framework we have
used in calculating heat transfer, is based on Landauer
formalism for N-body system43, extended to anisotropic
nanoparticles46. We have calculated the transmission
probability between two particles in the presence of the
third particle. Particular concentration is devoted to the
expression for energy transmission probability in terms
of the third particle polarizability tensor. To this end,
we spectrally tune the third particle fundamental electric
resonances with respect to the other particles by vary-
ing its shape. Numerically calculated heat transmission
spectra reveals that the heat flux between objects in a
many-body system can be suppressed or enhanced de-
pending on the overlapping of the dipolar resonance of
nanoparticles in the system. It is shown that a small
mismatch of shapes results in either increase or decrease
in the heat exchange between two particles compared to
the two-body case.
II. BASIC EQUATIONS
Let us start by describing the geometrical setup of our
physical system. The system considered in our study is
an array of three nanoparticles along the z axis of the
cartesian coordinate as shown in Fig. 1. Particles which
are labeled with 1 and 2 are separated by 2d apart and
the third nanoparticle (labeled with 3) is placed between
them to form a three-body system. Particles 1 and 2 are
supposed to be held at different temperatures, T1 and T2,
and exchange energy through radiation in the presence
of the third particle. The net heat flux between particles
1 and 2 is calculated and it is shown that the heat flux
can be tunes with the shape of the third nanoparticle.
2FIG. 1. Schematic illustration of the spheroidal nanoparti-
cles in a three-body system. Three spheroids, with identical
volumes, are aligned along their axes of symmetry (i.e. R‖)
along the z-axis. Particles labeled with 1 and 2 are identical in
shape (e.g., prolate spheroid, sphere or oblate spheroid) and
located on the z-axis at ±d at constant temperatures T1 6= T2.
The third particle with varying shape (which may vary from
prolate to an oblate spheroid) is located at z = 0 and used to
tune the heat exchange between the two other particles.
For the sake of simplicity, we focus our study on ho-
mogeneous spheroidal nanoparticles. The electric dipole
resonances of spheroidal particles are very sensitive to
their shape and can be tuned by the aspect ratio of their
main axes. The principal axes of particles are along the
main axes of the cartesian coordinate as shown in Fig.
1. The ratio of the semiaxis R‖ (parallel to the z di-
rection) to the semiaxis R⊥ (perpendicular to z direc-
tion) characterizes the shape of each particle, which may
vary from a nearly spherical (R‖/R⊥ ≃ 1) to a nanodisk
(R‖/R⊥ ≪ 1) or a nanorod one (R‖/R⊥ ≫ 1). Here, we
assume that nanoparticles are small enough compared to
the smallest separation distance and thermal wavelength
λth = c~/(kBT ) in the system (c is the vacuum light ve-
locity, 2π~ is Planck’s constant, and kB is Boltzmann’s
constant). This assumption insures that the heat trans-
fer between particles can be calculated through simple
fluctuating dipoles. The net radiative heat exchanged
between two particles (ith and jth) in a N-body system
can be written in the general form46
Hij =
∫ ∞
0
dω
2π
Tij(ω)∆Θ(ω) (1)
where ∆Θ(ω) = Θ(ω, Ti) − Θ(ω, Tj) is the difference of
mean energies of Planck oscillators at frequency ω and at
the temperatures of two interacting nanoparticles. Here,
Tij(ω) represents the energy transmission probability be-
tween ith and jth nanoparticles in the presence of all
scatterers in a system and is defined as46
Tij = 2ImTr[AˆijIm(χˆj)Cˆ
†
ij ] (2)
where χˆj = αˆj + k
2αˆjGˆ
†
0αˆj
† is the susceptibility tensor
of the jth particle with polarizability αˆj , k = ω/c and
Gˆ0 = i
k
6pi1. The non-negatively defined Imχˆ guarantees
a correct direction for heat flux between particles, i.e.
from hotter to colder particle. Moreover, the influence
of the geometrical arrangement of nanoparticles as well
as the many-body effects on the heat flux are taken into
account by 3× 3 matrices Aˆij and Cˆij
46:
Aˆij = [1− k
2α˜Wˆ]−1ij (3a)
Cˆij = [k
2
GA]ij (3b)
where 1 stands for the unit dyadic tensor, Gˆij = Gˆij ,
Wˆij = (1 − δij)Gˆij , α˜ = diag{αˆ1, αˆ2, · · · , αˆN}, and the
free space dyadic Green’s tensor is:
Gˆij =
k
4π
[
f(krij)1+ g(krij)
rij ⊗ rij
r2ij
]
(4)
f(x) = [x−1 + ix−2 − x−3] exp(ix)
g(x) = [−x−1 − 3ix−2 + 3x−3] exp(ix)
which has the contribution of near-, intermediate- and
far-zone terms, ∝ r−3, r−2 and r−1 respectively. Here,
rij is the vector linking particles located at points ri and
rj with rij = |ri − rj |.
For the special case of heat exchange between two ob-
jects (labeled with 1 and 2) in the presence of the third
object (labeled with 3), Eq. (2) reduces to
T 3−body12 (ω) = 2k
4Tr
{(
Gˆ12Gˆ
†
21 + 2k
2
Re(Gˆ†12Gˆ13Gˆ23αˆ3) + k
4
Gˆ13Gˆ
†
31Gˆ
†
23Gˆ23αˆ3αˆ
†
3
)
Imχˆ1Imχˆ2
MˆMˆ†
}
(5)
with
M =
(
1− k4αˆ1Gˆ12αˆ2Gˆ21 − k
4αˆ1Gˆ13αˆ3Gˆ31 − k
4αˆ2Gˆ23αˆ3Gˆ32 − 2k
6αˆ1Gˆ12αˆ2Gˆ23αˆ3Gˆ31
)
(6)
In the absense of the third particle (i.e., αˆ3 → 0 and/or Gˆ13, Gˆ23 → 0) Eq. (5) reduces to
3T 2−body12 (ω) = 2k
4Tr
{(
Gˆ12Gˆ
†
21
)
Imχˆ1Imχˆ2
MˆMˆ†
}
(7)
with
M =
(
1− k4αˆ1Gˆ12αˆ2Gˆ21
)
(8)
Equations (5-8) contain complete information on the
transmission probability dependence on nanoparticle
characteristics and geometric configuration. It can be
seen that the imaginary part of the susceptibility tensor
of particles 1 and 2 (corresponding to their absorption)
are presented in the transmission probability of both sys-
tems. We factorized this term to highlight the influence
of (particles 1 and 2) shapes on the transmission prob-
abilities. The first term in the parenthesis of the right
hand in Eq.(5) corresponds to the direct heat flux be-
tween particles 1 and 2 in a three body system. The two
other terms represent the indirect (but forward) heat flux
between these particles tunneled (scattered/absorbed)
through the third particle. To a first approximation, the
sum of these two terms can be considered as three-body
effect, specially in case of large separation distances. On
the other side, only a term related to the direct heat
transfer between particles 1 and 2 appeared in the heat
flux of a two-body system (see the numerator of Eq. (7)).
Furthermore, The multiple scattering (i.e. forward and
backward) of radiating waves between particles are ac-
counted for by the Fabry-Pe`rot like denominator (Mˆ)
in the heat transmission probabilities of both two- and
three-body systems. While this quantity depends only
on the arrangement and characteristics of particles 1 and
2 in a two-body system, it also depends on position and
characteristics of the third particles in three-body sys-
tem.
The transmission probability can show resonance due
to the Fabry-Pe`rot like denominator appeared in Eqs.
(5) and (7) for three- and two-body systems, respec-
tively. These modes will came into resonance whenever
det(Dˆ) = 0 inwhich Dˆ = MˆMˆ†. The resonant eigenfre-
quencies (eigen modes) satisfy Dn = 0 where Dn’s are
eigenfunctions of matrix Dˆ. For the special case of iden-
tical spherical nanoparticles, one can show that this con-
dition can be written as Re(1/α)+wn = 0, where wn’s are
the eigenfunctions of the interaction matrix Wˆ. For an
arbitrary collection of N interacting nanoparticles with
volume v = (4π/3)R3, there exist at most 3N number
of such modes (in dipolar limit kR≪ kd, where d is the
smallest center-center separation distance in the system)
that contribute to the resultant heat exchange between
particles in the system. The resonance frequencies of
these modes can be tuned by varying shape, arrange-
ment, size, and composition of nanoparticles (for more
details on resonance in large sphere dimers see48).
While any symmetry in the system (including geo-
metric arrangement and/or shapes) my accompanied by
increasing degeneracy of the resonance frequencies, the
number of distinct modes that can be excited are de-
pending sensitively on d/R. For periodic arrangement of
nanoparticles (or even in random gas of particles), the
interaction matrix is highly degenerate. At intermedi-
ate (2R ≪ d ∼ λth) to large (2R ≪ λth ≪ d) separa-
tion distances, the resonance frequencies in this system
congregate to the resonance of susceptibility of an indi-
vidual particles (surface modes), occurring for a spheri-
cal particle at ǫ = −2ǫh (where, ǫh and ǫ are the com-
plex dielectric function of the background medium and
particle respectively). This property is shown by Ben-
Abdallah and his co-workers in sphere-dimer and sphere-
trimer systems43.
It should be emphasized that the contribution of the
third particle to the heat flux in a three-body system ap-
peared in both the numerator and denominator of the
transmission probability in Eq. (5). As maintained
before, while the former represents the contribution of
the third particle in forward heat flux, the latter af-
fects the resonance frequencies of transmission probabil-
ity through multiple scattering of radiation. The crucial
point to be noted is that the weight with which a mode
contributes to the resultant transmission probability de-
pends on the numerator of the transmission probability.
The weight of the direct heat flux has contribution of
far-field regime, d≫ λth, where (R/d)
2-term dominates,
as well as the near field regime, where (R/d)6 is largest.
Moreover, the contribution of three-body part leads to
(R/d)12 to (R/d)3 terms due to forward heat flux through
the third particle, where in combination with multiple
scattering, it decays even faster at small separation dis-
tances. In the case of d ∼ 2R, the dipole approximation is
not valid and multipolar modes contribution to the heat
transfer should be taken into account. At sufficiently
large separation distances (in practice, a distance on the
order of few radii in case of spherical particles), the heat
transmission probability is mainly decided by the suscep-
tibility of particles 1 and 2 as emitter and/or absorber.
This dependence appeared as Imχˆ1Imχˆ2 in both two- and
three-body systems, which can be optimized by tuning
the overlap of polarizability tensor components even by
shape or material. As shown by Incardone et.al, the heat
transfer between two spheroids can be switched on/of by
changing their relative orientation49. The presence of ad-
ditional particle leads to significant modification in the
transmission probability which depends in a complicated
manner on shapes in the limit of small separations. In the
case of spherical nanoparticles, the heat flux between two
particles can be enhanced by inserting a third nanopar-
ticle in the middle43 and can be tuned by it’s size45.
The comparison between the heat transmission prob-
abilities in three- and two-body systems shows that the
heat flux between particles 1 and 2 depends on the ab-
sorption and scattering properties of the third particle as
well as its position. The many-body part of the transmis-
sion probability, which is related to the presence of the
4third particle, can be written as
T
(m)
12 (ω) = T
3−body
12 (ω)− T
2−body
12 (ω). (9)
It is evident from Eqs. (5)-(8) that the major contri-
bution to T
(m)
12 comes from the indirect heat transfer
through the third particle. While the last term in Eq.
(5), has a positive contribution to the heat flux, the sec-
ond term has a crucial rule in reduction/enhancement of
heat flux in a three-body system. However, the contri-
bution of the last term is small compared to other terms
for distances of few radii d & 6R, where the near-field
interaction is still valid. It is therefore legitimate to drop
last term, expand M−1 and keep only the lowest-order
terms in Eqs. (5) and (7). By collecting terms first order
in αˆ3 we obtain
T
(m)
12 ∝ Tr
{
k6Re(αˆ3)Imχˆ1Imχˆ2
(
4Re[Gˆ†12Gˆ13Gˆ23]
+ 2k2Re[αˆ1Gˆ13Gˆ13Gˆ12Gˆ
†
21] (10)
+ 2k2Re[αˆ2Gˆ23Gˆ23Gˆ12Gˆ
†
21]
+ 8k4Re[Gˆ†12Gˆ13Gˆ23]Re[αˆ1Gˆ12αˆ2Gˆ12]
)
− k6Im(αˆ3)Imχˆ1Imχˆ2
(
4Im[Gˆ†12Gˆ13Gˆ23]
+ 2k2Im[αˆ1Gˆ13Gˆ13Gˆ12Gˆ
†
21]
+ 2k2Im[αˆ2Gˆ23Gˆ23Gˆ12Gˆ
†
21]
+ 8k4Im[Gˆ†12Gˆ13Gˆ23]Re[αˆ1Gˆ12αˆ2Gˆ12]
)}
Note that Eq. (10) reflects a simplified approach, since
contributions from the higher order scattering at small
separation distances are not shown. It can be seen that,
although the heat flux between particles 1 and 2 explic-
itly depends on the imaginary part of αˆ3, it depends on
the real part of the polarizability tensor as well. The
real part of the polarizability, denoted by Reαˆ3 is the
dispersive part of the polarizability. Likewise, the imag-
inary part of the polarizability, denoted by Imαˆ3, is the
absorptive part50. The first term in Eq. (10) can be
attributed to the third particle contribution to the heat
transfer by scattering, and the second term corresponds
to the absorption by the third particle. We should no-
tice that in the region near SFM resonance, the real part
of polarizability components is anti-symmetric about the
resonances while the imaginary part is symmetric. The
particular form of T
(m)
12 depends on the particular ar-
rangement in which particles disposed in the system.
Thus we can conclude that, in addition to the geometri-
cal arrangement, the albelo of the third particle (i.e., the
competition between its scattering and absorption) has
a major rule in the heat transfer in three-body system.
Since the formalism of the model based on the dipole
approximation, the results are valid for arbitrary shape
(polarizability tensor), size and distances as long as we
stay in this regime. If particle sizes are too large com-
pared to separation distances, the contribution of mul-
tipolar interaction is needed for accurate results. How-
ever, the dipole limit would be enough to reveals cryptic
aspects of heat transfer dependency on shape in these
systems. In our analysis, we denote the complex po-
larizability tensor by αˆ = (α⊥, α‖), where for conve-
nience we labeled the polarizability parallel to the z-axis
as α‖(= αz), and the polarizability perpendicular to the
z-axis as α⊥(= αx = αy). These components are related
to the dielectric function of the object by the relation51
α⊥ = v
ǫ− ǫh
ǫh + L⊥(ǫ− ǫh)
(11a)
α‖ = v
ǫ− ǫh
ǫh + L‖(ǫ− ǫh)
(11b)
where v = 4pi3 R
2
⊥R‖ is the volume of particle and L⊥
and L‖ (2L⊥+L‖ = 1) are depolarization factors. For an
arbitrary ratio of the semiaxesR⊥ andR‖, depolarization
factors can be computed from integrals:
L⊥ =
R2⊥R‖
2
∫ ∞
0
ds
(R2⊥ + s)
2
√
(R2‖ + s)
(12a)
L‖ =
R2⊥R‖
2
∫ ∞
0
ds
(R2‖ + s)
2
√
(R2⊥ + s)
(12b)
By considering a constant volume for particles, the
ratio of the paralell depolarization L‖ to the perpen-
dicular depolarization L⊥ (i.e., γ = L‖/L⊥) charac-
terizes the nanoparticle shape, which may vary from a
nearly nano-rod (L⊥ →
1
2 , L‖ → 0 : γ ≪ 1) to a
spherical (L⊥ = L‖ =
1
3 : γ = 1) or to a nanodisk
(L⊥ → 0, L‖ → 1 : γ ≫ 1). The components of po-
larizability tensor in terms of γ would be
α⊥ = V
(ǫ − 1)(γ + 2)
(1 + γ + ǫ)
(13a)
α‖ = V
(ǫ − 1)(γ + 2)
(2 + γǫ)
(13b)
where we set ǫh = 1.
It is clear from symmetry reason that the product
Imχˆ1Imχˆ2 in Eq. (7) gives a maximum transmission
probability in the frequency of the surface phonon modes
(SFMs) for a two-body system, in which γ1 = γ2 and
ǫ1 = ǫ2. The resonance condition is fulfilled when
ǫ(ωsr⊥ ) ≃ −(1 + γ) for α⊥ and ǫ(ω
sr
‖ ) ≃ −2/γ for α‖,
implying intense scattering/absorption. A similar argu-
ment holds for the case of three-body system, however,
the presence of the third particle allows for a large free-
dom of tunability. Depending on the shape of the third
particle, the heat exchange between particles 1 and 2 may
increase or decrease with respect to the two-body case.
Besides the electric dipole radiation, the magnetic dipole
radiation would contribute to the heat exchange, which
is not considered here and may come into resonance at
well-defined values of ratio of size that alter the heat
transfer.
5FIG. 2. Normalized heat exchange between two identical par-
ticles with respect to the shape of a third one which is equidis-
tant to both particles. The Rod-Rod (red dashed lines) config-
uration corresponds to heat exchange between two nanorods
with γ1 = γ2 = 0.3, the Sphere-Sphere (grin solid line) for
two spheres with γ1 = γ2 = 1, and Disk-Disk (blue doted
line) for two nanodisks with γ1 = γ2 = 3. The shape of the
third nanoparticle varies from a nearly nano-rod (γ = 0.1) to
a nanodiskc(γ = 10).
.
III. NUMERICAL RESULTS AND DISCUSSION
Let us now, apply these theoretical frameworks to
study the shape-dependent heat transfer in a three-body
system. In order to reduce the number of parameters, we
will focus on the symmetric case in which particles 1 and
2 are identical (i.e., γ1 = γ2) with separation distance
2d = 450 nm. The shape of the third elliptic particle
(i.e., γ3) can be used for tuning its scattering properties
and thus for tuning the heat exchange between 1 and 2.
The volume of nanoparticles are kept constant at that of
sphere with R⊥ = R‖ = 25 nm and we use SiC as a typi-
cal material for nano-particles with frequency-dependent
relative dielectric permittivity52:
ε(ω) = ε∞
(
1 +
ω2L − ω
2
T
ω2T − ω
2 − iΓω
)
(14)
with ωL = 969 cm
−1, ωT = 793 cm
−1, Γ = 4.76 cm−1
and ε∞ = 6.7. Furthermore, we assume that T1 = 300 K
and T2 = T3 = 0 K, so the first nanoparticle acts as
emitter and the heat exchange between particles 1 and
2 reduces to the heat flux from 1 to 2. The calculation
performed for three special cases in which particles 1 and
2 are nanorod, sphere and nanodisk. Figure (2), repre-
sents the normalized heat exchange between particles 1
and 2 with respect to the shape of the third one. We
have used γ1 = γ2 = 0.3 for Rod-Rod, γ1 = γ2 = 3 for
Disk-Disk, and γ1 = γ2 = 1 for Sphere-Sphere configu-
rations. Since γ1 = γ2, and consequently α
(1)
⊥,‖ = α⊥,‖2,
FIG. 3. Surface resonance frequency components (longitu-
dinal || and transverse ⊥ to the axis of symmetry) of a SiC
spheroid nanoparticle as a function of shape parameter γ. The
particle volume is kept constant at that of sphere with radius
R = 25 nm. The shape factor for a spherical nanoparticle
is γ = 1, while γ < 1 and γ > 1 correspond to prolate and
oblate spheroids, respectively. The condition for frequency
resonances are Re[ǫ(ω||)] = −2/γ and Re[ǫ(ω⊥)] = −(1 + γ)
for longitudinal and transverse modes, respectively.
.
the optical properties of the third nanoparticle is very
important and plays a vital rule on the heat transfer.
We observe that the heat exchange between particles
1 and 2 depends on the third particle depolarization as-
pect ratio γ3 and may increase or decrease in comparison
with the two-body case. When the mismatch of shapes
(i.e., δγ = |γ3 − γ1,2|) is large, the many-body effect is
weak, whereas for small mismatches the many-body ef-
fect becomes pronounced. For γ3 & γ1,2, many-body ef-
fect dominated by scattering which gives rise to the heat
transfer. In contrast, for γ3 . γ1,2 absorption is stronger
than scattering and as a result the heat exchange decrease
in comparison with the two-body system. The maximum
(minimum) of the heat transfer profile corresponds to the
maximum (minimum) albedo of the third particle around
the SFM resonance frequencies of the other particles. On
the other hand, the behaviors of the real and imaginary
parts of the third particles’ polarizability have a crucial
rule in many-body effect. This effect is especially strong
when the third particle polarizability resonance frequen-
cies are close to the SFM resonance of emitter/absorber
particle.
The frequencies of SFMs are specified by the depolar-
ization factors and subsequently by the shape of nanopar-
ticles. The shape-dependent prolate-to-oblate resonance
of the third particles’ polarizability components are illus-
trated in Fig. (3). Since prolate and oblate nanoparticles
have a symmetry axes, they have three proper modes,
which two of them are degenerate. As the aspect ra-
tio of the third nanoparticle deviate from one, the en-
ergy separation between SFMs increases. In the case of
6FIG. 4. Heat flux spectrum between two identical Spheroid particles with respect to the shape (γ) of a third one located
between them. (a) Particles 1 and 2 in Rod-Rod configuration with γ1 = γ2 = 0.3, (b) Particles 1 and 2 in Sphere-Sphere
configuration with γ1 = γ2 = 1.0, and (c) Particles 1 and 2 in Disk-Disk configuration with γ1 = γ2 = 3.0. The horizonal
patterns in the spectrums correspond to the resonance surface frequencies of particles 1 and 2, while the cross-like pattern
correspond to the resonance surface frequencies of the third particle.
.
nanorod (i.e., γ3 < 1), the high-energy absorbing band
corresponds to the oscillation of the electrons along the
R⊥ of the rod. This absorption band is relatively insen-
sitive to the nanorod aspect ratio and spectrally is near
to the resonance of the spherical nanoparticle. The other
absorption band at lower energies is caused by the oscilla-
tion of charges along the R‖ of the rod. As γ3 approaches
1 from below, these bands move toward each other and
coalesce for spherical nanoparticle. Finally, when γ3 > 1,
the switch of energy takes place between the two energy
bands. On the other hand, for γ3 > 1, the high-energy
absorbing band corresponds to the oscillation of the elec-
trons along R‖, while the two fold degenerate resonance
of the electron oscillation along R⊥ occurs at lower ener-
gies for nanodisk.
Depending on the shapes of particles 1 (and 2), the
albedo of the third particle affects the energy transmis-
sion probability defined in Eq. (5). In order to see the
physics behind this dependence, the transmission prob-
ability spectra T12(ω) in a three-body system for a fre-
quency range around the SFMs of the third particle are
shown in Figs. (4a)-(4c). Figure (4a) shows the results
for Rod-Rod configuration, while the transmission spectra
for Sphere-Sphere and Disk-Disk configurations are pre-
sented in Figs. (4b) and (4c), respectively. It can be ob-
served that the heat transmission probability shows two
main distinct resonance for Rod-Rod and Disk-Disk con-
figuration, which reduces to three fold degenerate SFM in
the case of Sphere-Sphere configuration. Since particles
1 and 2 are identical, the overlap of Imχ1 and Imχ2 is
large in all cases. Consequently, the many-body part of
the transmission probability mainly depends on the over-
lap of the third nanoparticle polarizability with the two
others. In the case of Rod-Rod configuration, this overlap
occurs for γ3 ≈ 0.3, where both the real and imaginary
parts of α3 are in resonance with SFMs of the emitter.
It has to be noted that α3⊥ and α3‖ show resonance at
different frequencies. While the contribution of the lon-
gitudinal mode (i. e., ωsr‖ ) to the three-body effect is
pronounced in Rod-Rod configuration, the contribution
of the transverse mode (i. e., ωsr⊥ ) is dominant in Disk-
Disk configuration. In the case of the Sphere-Sphere con-
figuration, it can be observed that the heat transmission
probability is mediated by the shape of the third particle
for polarizability ratio γ3 ≈ 1. By slightly deviation of
the third particles’ shape from sphere, the heat transmis-
sion would increase or decrease in comparison with the
two-body case. In the case of Disk-Disk configuration,
the scattering/absorption by the third particle modifies
the transmission intensity for γ3 ≈ 3. The resonance of
the scattering and absorption by the third particle is lo-
cated at γ3 & 3 and γ3 . 3, respectively. Once again,
the change in the transmission probability occurs mainly
in low frequencies due to resonance of α3⊥. Finally, it
should be noticed that in all cases, the third particle’s
scattering/absorption property is off-resonance for large
δγ, and transmission spectra is not affected by the shape
of the third particle.
IV. CONCLUSION
In conclusion, we have investigated the effect of the
particles’ shape in radiative heat transfer. It is shown
that the energy transmission probability between two
nanoparticles in a three-body system may be increased
7or decreased, depending on dipolar resonance frequency
modes of the third nanoparticle. Also, we have shown the
possibility of sensitively tuning the heat flux by particles’
shape in such a thermal heat transistor.
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